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HIGH-DE.WITYZ-PINCHPULSE-POWERSUPPLYSYSTDt*

W. C. Nunnally,L. A. Jones,and S. Sieger

Los AlamosScientificLaboratory
LOS AMIIOS, NH 875~5

Abstract

The designend operatlo~of the high-densityZ-pinch

experimentpulse-powersupplyis discussed. A

600-kV,l-MA,75-nHMarx bank is designedto charge

a 1-$2,90-ns,water-insulatedtransmissionlineto

-0.6-1.0MV. The water line is then discharged

throuF~.3 small laser-initiatedcurrentchannelIn

1-5 efm of hydrogen. The componentsof theMarx

bank, the triggersystem,the water line,and the

gas loadas well as the controlsyst,emthat uses

fiberopticsand air linksfor Wnitor and COt’ItrOl

are discussed.

Introduction——
The high-densityZ-pinch(HDZP)experimentat Los

Alams ScientificLaboratoryhas been constructed

to investigatethe plasmaparametersof a laser-

initiatedcurrentchannelin a high-pressuregas.

A 1-GW neodymiumglasslaseris used to initiatea

conductingchannelwith a diameterradiuson the

order of 1OO-2OOWm betweentwo electrodesspaced

from 5 to 10 cm apartas ahown in Fig. 1. The

pulse-powersupplyideallymust producea rapidly

Increasingcurrentand thus magneticfieldto pre-

vent expansionof the ohmicallyheatedplasma.

SimplemodelsIndicatethat plasmaswith densities

On the orderof 1020c~3 can be heatedto Several

kiloelectronvoltswith this system. A prototype

ayatemwas oonatructedto develophardwarefor a

largerexperiment.This paperdiscussesthe main

HDZP 8yatem.

Pulse-PowerSLLPDIYDesi~-

Tt,atheoratioalourrantwaveforms,detmninad from

a very simplemodel,that ●re requiredfor main-
.—

●Work performedunderthe ●uspicesof the US
Departmentof Ener~y.
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Fig. 1. Schematicof HDZP system.

taininga constantchannelra~iusfor threefilling

pressuresare shown in Fig. 2. The ga? loac!ha? an

inductanceon the order of 100 nH. In order to

obtaint,hedesired? at channelinitiationcf

13 A/s, the initialVoltage f!:ross t?!c.o.~-l.o x 10

loadmust b? ‘0.5-1.0x 106 V. The maximumcurrent

requiredfrom the powersupplyis on the order or

1 UA.
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Fig. 2. HDZP currentwaveforms.



Severalci?cultconfigurationswere evaluatedand

simulatedusingthe NET 2 circuitanalysisoode.

systemconsistingof a water-insulated,interme-

diatestorageline resonantlychargedby a low-

inducte>ceMarxwas chosenas the most versatile

system. The basiccircuitfor the H~ZP system1s

shownin Fig, 3. The systemcan be operatedwith

A

a

wide rangeof cur),entpisetimesand cument ampli-

tudesby laserinitiatingthe currentchannelat

varioustimesduringtbe resonantchargeof the

water line. The water line providesthe initial

high rateof currentrise. The energyremainingin

the Marx capacitanceand the energystoredin the

resonant-charginginductanceprovidegas load cur-

rent at latertimes.

The HDZPuater linewas designedsuch that the im-

pedancecouldbe variedfrom0.25 to 1.OR with a

transittimeof 90 ns. The maximumlinevoltageand

load current.are determinedby the time of current

ehafinelinitiation,the Marx chargevoltage,and the

water line impedance. The currentwtiveformspro-

ducedby simulationof the Kv!P systemare alsc il-

lustratedjn Fig. 2 with dashedlines.

Marx Bank DesiRn

The HDZPUarx systemwas designedto have a minimum

inductance,to operateat a nominal500 kV output

voltageand to deliver1-P! peak currer)t.The min-

imumenergyatoreof the Marx is determinedby the

❑aximumdesiredInductiveloadenergyof about

50 kJ. In orderto acconmod~tethe ❑aximumFlaPx

currentand reducethe Marx inductance,12, 6-stage

Marx ❑odules,each of’which st.ones4.3 kJ at 500 kV

and providesa maximumfaultcurrentof’83.3 kA,

wre paralleled.The individualMarx modulecircuit

c!iagramIS shownin Fig. h and picturedin Fig. 5.

Each Marx modulestageconsistsof two parallel

WARX SWITCHI!S

,M \ P--—---T’ ----- ;LA’ERSW’TCH

+,M J–-—-, $),

Fig. 3. HDZP circuitschematic.
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Fig. 4. HDZP Marx moduleschematic.

Fig. 5. Picture Of Marx module.

0.1 IJF,100-kVMaxwellseriesS capacitorsand one

PhysicsInternationalT670 triggeredsparkgap.

Each capacitorhas a maximumracedourrentof 50 kA,

and the sparkgap has a maximumratedollrrentof
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100 kA. The capacitorswere specifiedwith 5~

,:oltage rever~a] to accoumdate a Marx outputfault

and resulting75$ voltagereversalat 500-kVoutput

voltage. The Marx bank inductanceat the output

terminalala 75 nH. Hcwever,The transitionaeCtiOn

betweenthe Marx ba~k and the wat-erline Increaaea

the totalseriesindu~tanceto about250 nH.

The Marx triggersy$tenwas designedto erectall

the Marx modulesin a mall fractionof the minimum

voltagerise on the water Lri3fWiSSiOn lineor

within-20 ns. The triggercircuitchosenis shown

in Fig. 6. This triggerMarx arrangementis

a va?iationOF triggercircuitssuggestedby Fitchl

and was selectedbecausethe +.riggerpulseof the

Marx modulegaps can be controlledin amplitude,

risetime,and arrivaltime very precls~ly. In

adoition,each Marx modulesparkgap can be trig-

geredwith a similartriggerpulsewithoutloading

the Marx system. The simultaneoustriggerpulses

are generatedby shorting12 coaxialcables

charger!to a maximumo? 100 kV with a sparkgap

thatalso servesas the triggerMerx stagegap.

MARX TRIGGER SYSTEM

CHARGE RESISTORS
NOT SHOWN

TRIGGER MARX

TRIGGER

INPUT P

‘;gg=

PEAKING
GAPS

9+ —

1

J-J

?

T
-L———— J .- .~

Fig. 6. HDZP triggernystemacheMatic.

In orderto minimizethe jitterin erectionof the

main Marx modules,the triggerpuleesprovidedby

the triggerHarx must have a risetimeless than

the desiredscatter. The 12 cablesthat are

shortedby the triggerMarx stagegap have a

characteristicimpedanceof about 36 Q each or a

parallelimpedance,Zp, of 3 $2. The triggerMarx

gap inductance,LG, m’lst be such that L 12 is on
Gp

the orderof 5 ns. This requiresa triggerMarx gap

with en +.nductanceGf about 15 to 20 nH, which oper-

ates at 85- to 100-kVdc and is easilytriggered.

The finaldesignof the trigge?Marx gap Is shown

in Fig. 7. An acrylicsheetinsulatoris designed

to minimizetrackingwithinthe gap. The gap ope*-

ates at an SF6 pressureof about60 psig for a

100-kVcharge.

4: ]!)( CABLE ==
:-.=, ,

12[4[H -. - . ..——— —. - -- - .

Fig. 7. TriggerMerx low-inductancesparkgap.

The triggerMaPx etagecapacitorsserve to bias the

shortedcable triggergeneratorsat a potential

similarto that of the main F&x and to isolatethe

main Marx atagevoltagefrom ground. A 2-stage

triggerMarx that triggersonly the first2 stages

of the 12 Harx modulesis used becauseinitial tests

indicatedadditionalatagesare unnecessary.The

ooaxialtriggercable chargevoltageis isolated

from the main gap triggerelectrodesby an ‘inside-

oute trigatronpeakinggap. The peakinggap shown

in Fig. 8 also reducesthe triggerpulse~isetime

eeefiby the main gap triggerelectrode<7 ns with a

Jitterspreadof <2 ns. The ?-stagetriggerMarx

is initiatedby an 8-stageoeremicaapacitormicro-

Marx generatinga 200-kVpulsewith risetimeof

<20 ns and a jitter<2 ns. The micro-tiarxin ahown

In Fig. 9.
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Fig. 8. Triggersystempeakinggap.
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Fig. 9. TriggerMicro-Marx.

TransmissionLine DesI&:

The water-insulatedtransmissionline systemis

shown In ~ig. 10. A parallel-platetransmission

linewaa chosenover a coaxialtransmissionline for

tworeasons. First,the impedanceoan be easily

var!edby changingthe numberand size of the par-

allelplates. A largewater tankwaa designedto

hold the transminaionline leavinga largeamount

or roan for line variations. Seoondly,the local-

ized natureof the laser-initiatedplasmachannel

requiresstoringthe pulseenergyvery close,phys-

ically,to the centerline of the pinchchannelto

reducethe transitioninductance.A disk transmis-

sion linewith radialMarx currentTeedwould be the

optimumconfiguration,but buildingspacelimita-

tionspreventedusingthis design.

Gas Load.—
The desiredcharacteristicsof loadgeometryat the

end of the watertransmissionline are a minimm

inductanceconfiguration,a uniformelectricfield

distributionin the pinchregion,and \l%tbilityand

maximumaccessfor diagnostics.The presentgas

load is shownin Fig. 11.

~ontrolSystec

The controlsystemfor the HDZP experimentis com-

pletelyIsolatedusingonly fiberopticlinksor air

links for controlor monitoringsystemoperation.

The majortypesof linksare illustratedin Fig. 12.

The powersupplyvoltages,powersupplycurrents,

and capacitorbank voltagesare monitored

using the fiberopticlink of Fig. 12a. A voltage

divideror currentmonitorprovidesa voltagefrom

0-10 V to a voltage-to-frequencyconvertgrthat

modulatesa LED from 10 Hz to 10 kHz. At the other

end of a fibercptic cablet~e light.pulsesare de-

tectedand convertedback

which operatese standard

tionsthat do not require

to e voltagelcurrent,

tripmeter. Those func-

preciaetime operationare

TOP VIEW

INPuT
—..—

VOLTAM TANK
BUSHING PLATES BUSHIN:

PLATES

“$Ji 3

WhTEf?

.-p+

.—=== —-

~——

!..:::.-”: -...-:”:::=--.—-+
SIDE VIEW

Fic. 10. Water-insulatedtransmissionline.

.
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Fig. 11. HDZP gas load chamber.

implementedusingcompressedair,one exampleof

which ia shownin Fig. 12b. The tiigh->toltagedump

and safetyswitchesare also actuatedusingair

linksas illustratedin Fig. 12c. The interlock

systemsare structwed as shownin Fig. 13. Each

locationor functiorirequiringan interlockwas de-

signedto provideclosureof contacts,energizing a

high-intensitylamp. The re:ultinglil~htIs con-

ductedto the main controlpanelthrou[~ha fiber

apticcablewherea phototransiat.orpu:.lsi~ a relay

if the high-intensitylamp is enereized. This

methodia very simpleand has beenextremelyrsli-

able. It la fall safe In that e malfut}ctionpre-

ventsrelayclosureand inhibitssystenoperation.

The triggerayatemalao uses fiberoptic linksfrom

the time delay systemin the screenroom to various

systemsto be initiated. The trig&erlink ssystem

is diagramed in Fig. 14. The basictimingsystem

consistsof a multichanneldigitaltire!!delayunit

that determinesthe timingsequenoeof the experi-

ment. The time delayoutputsignalsenergizein-

jectionlaaerpulsers,whioh produoe900-nmlight.

+—--- - ------’s ~
POLYTuBING

AIM SOLOSOllJ 111

2*. ~ (b, :11

a

PO*EF SdPP. T
COh?ACTORS

—.— _ — , ,%

3 Wbv POLY TuOING
41n sOLCNOIO

(c
.–Al@CY(.Wfn

HtGn vOLTAGE
SW’TCF

Fig. 12. HDZP controlsystems.

.J-J-
LOCbL e
SLfPLV

Fig. 13. HDZP interlocksystem.

7C CON7F?CL SYSTEM

pulsesthat are conductedto the verioussvstem$in

the HDZP ●xperiment through fiber optic cable. The

receiver-pulsegeneratorsshown in Fig. lb produce

electricalpclsesat voltagesfrom 5 to 900 V w;th

10 ns risetimesand variouspulselengthsand

shapes. The jitterof this type of triggerlink

systemis less than11 ns. The systemis extremely

insensitiveto the largeamountof ~ presentand

the locationof the fiberopticcable in the exper-

imentis thus not critical.

EYEimJk?
Systemoperetionis initiatedby chargingthe Ma?x

bank and chargingthe triggerMarx such that they

reachthe desiredvoltagesimultaneouslyin about

30 s. The controlsystemmonitorsbank voltagesand

aendn a fiberoptic triggerpulse into the scree~

room after disconnectingthe powereupplles. The

digitaltime delay systemthen energizesthe appro-

priatesystem,,in the propereequence. The ma:n

brx is erectedto pulsechargethe water line in

about 200-600ns. At the desiredloadvcltagethe

glass laserinitiatesthe HDZP currentchanneland
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at the desiredtime variousdiagnoatlclaaersare

initiated.The jitteris erectingthe Marx to

chargethe transmissionline is ‘1O ns. The water-

insulatedtransmissionlineuses self-breakwater

switchesto “crowbar”the Marx bank and reducethe

Marx capacitorreversal. The ayatemhas been tested

to a chargevoltageof 100 kV per stage,althOUgh

the Marx systemwas designedto operateat a charge

Fig. 14. UDZP timingsystem.

voltageof 85 kV per stageto allowfor various

faultmodes. The HDZP pulse-powersupplysystemis

illustratedin Fig. 15.
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Fig. 15. Illustrationof HDZP pulse-powersupply
c.ystem.
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